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NOTICE

T:is document may not be reproduced or published in

any form in whole or in part without pr-ior approval of the

Government. Since this is a progress report, the information

herein is tentative and subject to changes, corrections and

modifications.
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ABSTRACT

The tensile, compressive, shear and bearing properties

of 18 samples of 20114, 6061, 7075, 7079 and 7178 aluminum alloy

extrusions in the TX51X tempers have been determined. Ratios

among these properties have been computed.

Results of fatigue and stress-corrosion tests made to

date are summarized.
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SIXTH QUARTERLY RE-PORT

MECRANICAL PROPERTIES, INCLUDING FRACTURE-TOUGIM'•SS AND
FATIGU-1, AND RESISTANCE TO STRESS-CORROSION CRACKING OF

STRESS- ELIEVED STRETCMID ALUIEENU.Ih ALLOY EXTRUSIONS

I. Introduction.

The tests being made under this contract are for use

in establishing design mechanical properties in MIL-a)BK-)A,

including stress-strain and tangent-modulus curves, for 2014,

2024, 6o61, 7075, 7079 and 7178 aluminum alloy extrusions in

the TX51X tempers. For comparison, a limited number of similar

tests are being made of extrusions in the "heat-treated-by-user"

temper. Also, some fracture-toughness, axial-stress fatigue

and stress-corrosion tests are being made.

This Sixth Quarterly Report summarizes the results of

tensile, compressive, shear and bearing tests made in the past

three months on 18 samples in the TX51X tempers and the results

of fatigue and stress-corrosion tests made to date on samples of

extrusions in the TX51X and "heat-treatec'-by-user" tempers.

The total number of samples tested to date is 143 in the TX51X

temper and 28 in the "heat-treated-by-user" temper.

All of the samples of commercially-produced extrusions

to be tested on this contract now havb been received. However,

because of the inevitable fluctuations in customer orders,

certain combinations of alloy, temper and thickness originally

ordered did not become available. But, with the number of

,
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extrusions received, the total number of tests required in the

contract will be exceeded. Therefore, all unfilled orders have

been cancelled.

It is planned that this will be the last quarterly

report before issuance of the final report.

11. Material.

A total of 143 samples of commercially-produced

extrusions in th, TYIlX temper and 24 samples in the 0 temper

have been received from two producers. 'De section thickness

and identification of each sample is shown in Table I. The 24

as-received samples in the 0 temper have been heat treated, or

heat treated and aged, in accordanco with applicable conditions

in •N•L-H-6088D. Six samples each of 2024-0 and 7075-0 were)

tested in two "heat-treated-by-user" tempers, so that the total

number of samples tested in those tempers is 36.

III. Procedure.

The specimens and test proce.durc. used are as outlined

in the Fifth Zuarterly Report, dated June 15, 1967.

IV. Summary.

The results of the tensile, compressive, shear and

bearing tests made in the past three months on 18 samples of

extrusions in the TX5IX temper are shown in Thble II. The

tensile properties of all samples exceed the values in applicable

Federal Specifications; the specified minimum tensile properties

for extrusions are shown in Table III.
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The ratios among the tensile, compressive and shear

properties of these extrusions are shown in Table IV and those

of bearing to tensile properties are shown in Table V. The

ratios among the properties at different locations with regard

to thickness and width are shown in Table VI. The ratibs among

the bearing properties obtained using edgewise specimens to

those obtained using flatwise specimens are shown in Table VII.

The tensile, compressive, shear and bearing (flatwise)

tests of all the extrusions in the TX51X temper to be used in

the contract have been completed. From the results of these

tests the ratios of the various properties to the longitudinal

tensile ultimate and ýIeld values have been computed. Sta-

tistical analyses of these ratios are now being made to determine

minimum ratios for use in computing "A" and "B" minimum design

values for •IL-jHDBK-5A.

All streqs-strain tests have been completed. Minimum

("A" value) and typical tensile and compressive stress-strain

and compressive tangent-modulus curves will be prepared on the

basis of data from these tests and Cne minimum ratios now being

determined by statistical analysis.

The results of the axial-stress fatigue tests (R=..O)

made to date are shoirn in Figs. 1 thlough 7.

The current status of the stress-corrosion tests for

extrusions in the TX51X and "heat-treated-by-user" tempers is

shown in Tables VIII and IX, respectively.

Presently, the remaining tensile, compressive, shear,

bearing, fatigue, fracture-toughness and 3trcss-corrosion



specimens of samples in the TX51X tempera and "neat-treated-by-

user" tempers are being machined or tested.

V. -j B__RLL.

R. E. DAIEVL,9

D. 0.1
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II
TABLE III

SPECIFIED M!IMUM VA7:>,i* FOP AL•.•UIMJM A••.TOy EXTRUSIOIN'S
_ _3_(615)-358o]

Tenqs ileUltimate Yield Elongation

Alloy and Thickness, Area, Stress, Stress,t 2 in. or 4D, Federal
Temper in. sq. in. psi psi % Specification

2014-T62 :;0.749 All 6o 000 53 000 7

-T6510 _. 0.499 All 60 000 000 7 QQ-A-200/2b
0.500-0.749 All 64 000 00 7
2-0.750 Z 25 68 000 000 7

2024-T3510, Z 0.249 All 57 000 42 000 12
-T3511 0.250-0.749 All 6000 44 000 12

0.750-1.499 All 65 000 46 000 10
.l .500 :25 70 000 52 000 10

2.1.500 -25, :32 68 00 480 oo 8
-T42 0.7+49 All 57 000 38 000 12 QQ-A-200/3.

S1.500 Z25 57 000 38000 10
-T8510, 0.050-0.249 All 64 000 56 000 4
-T8511 0.250-1.499 All 66 000 58 000 5

;.1.500 z32 66 000 58 000 5
-T62 0.749 ..-- --

;. .500 .-- -- - None

6o6l-T62., o.249 All 38 000 35 000 8*
-T6516 ;-0.250 All 38 000 35 000 10 QQ-A-200/8b

7075-T62*, Z:0.,249 All Z8 000 70 000 7
-T6510 0.250-0.499 All 1 000 73 000 71

0.500-2.999 All 81 000 72 000 7
3.000-4.499 Z20 81 000 71 000 QQ-A-2OO/Ilb
3:000-4.499 -20,z 32 78 000 70 000.500-5-000 :;-32 78 000 68 006500-5

773, 0.249 24- ....
-T7351 0.250-0.499 ........

0.500-1.499 ........
1.500-2.099 ........ None:.000-4.499 ....
•,500-5-000 ....

0.51 250-0. 499 z 20 0 000 7 QQ-A-200/12b

0.500-1.499 Z20 7 000 7 ooo
7178-T62*t -C. 0.061 :20 Z9 000** 7ý 000** 5

0.250-1.499 ;20 o 2 000* 74 000** 5
-T6510 0.062-0.249 :=20 84 000** 76 ooo** 5 QQ-A-200/13

02500-1.499 :Z25 8 0 oo** 78 000** o
1.500-2.499 .25 8 000 78 000** 5

All values are as shown in the Aluminum Association Booklet, "Standards for
Aluminum Mill Products," 1967.

t Offset equals 0.2 per cent.
S In QQ-A-200/8b, llb, 12b and 13, values frr T6 temper apply also for

extrusions heat treated and aged by user tT62 temper).
* * Lower than in Federal specifications.

TABLE III



m6 S12 i'6ll nld M5 - 44S 4 14

4. . * . 4. . . UI . . UI '' . .
00 00 00 00 0000 00 00000 Q 00 0 0000

0 000 00 000 0 00 00 0 00 0000

C 400 ~ - 0 4S 0 0 00 H ~ 0

8 sl S' 8 , 49
4400 r4. 00 000 '.. .Q 0 , o4 ,-., 0-,- 4. , 0 00 00

44 16 a C; I C I ~ I

010

0 0 , 0 .41 00 0 6 6 6 co 6 6 6

Cý~~~ Z NO N M Ni 4 N4

F.- El &. I- 4. Ir e4 . S E- 1 4 E 44 I- t- 14E4

0 0r 04 0 0

000 000 .- 0 00 040 0 0 ul 00 0~ 0 0

TALE IV

L5(J. (4(4 * 4



9 9 9 9 It F9 M f- IN C'O K*

ii ii I i i I 99 9 9r

a4. -13 .4-9 -- - -,Sa.

~IIR

-~ ~ c t-,7fl~ U

I.4 N N N99 N cu

NNI NN N 99 r N (4(4 ( No

C' o

~ .. . 9 99

::I :r .............CI~~~~~~C .44..4.. .. 4 44

c r'

.4.4~~~~TAI v4.. 44 . 44.~



I . . . . .. . .. I. .
- . -0 0.-00o0 00 .-.-OHO- o"40000 0 000.-40 00

.. 4 0- ; 00,64.40 -4 .4A80I 000000 0 -' 0

U.ý gA -4AAs

>. -i - 0 61 14161- ; 6161 0 04

P4 0 00o -6 o- 0o 0 0

Co. &8~8 8 W1 . 8 0- ., r, - 8
C"0 .4 4 00 , . 0 00 0 -I4 I-0

0.1~~~~~' '5-. N - i".I n c

JIM FIN ?C "4-I K ll

10 0 4 cc

24 4

TPBU- .In



0 ~

0 ~ k 00 ODO ~ c0

4 (mý 
T f - ý ý

vrz 0DV ,\ 0\ U

4 g cc . . . . . . a. . . .. . . .. . * - a

0 rC0

r-I ýX :.ý :3

4+-4
PMH -r Atn

ago
cc o--4 Lr)

0 K 0 01-

E-) E4- ;

E-44

T0BL NII

C~~- 
A



0' 1'~ II t c i I~IOI 00QQ 11 1s (V~ m l i (v 1 . (1 , 00 11 1O

~~04(940404~ 04 4 4 400 0

ck)-C10Ir-ON 0.-00c) t-4j \00 6 0II

4- r

I' ICA~
0 n1II C~L)',444 C,441C 0 40000000 a a:) aý--CC

0.4\)0 0.44440000 00000 ,-0 1404C1, 000000 00 14N N ('4 :

go

0--

11. >~v~

41 ~ ~ ~ 4 C C)-mll 04 3 0 PI?\0c

100

0 0- N 0 r- 00

C',AB~ " ( !!



4

c~~ ~ ~ ~ ~ c 4)ý11 -TL

- 30"Ij O 111clo IC X 0

Ir Q

304 0 m 41

L4o >,8 t

o.

.4

~.'40( 00 00 00 80 N & )a

9..

0
1.

c j j

0.¾1 -I X



-- - <17-77177 �-r� -

"

It'i� � H 
-'��1

I 1�-�L4  ;4.jitiji��i�4tt
04 .� -1

r £
'I,' -t

7 1 H

.J-4 - a
- w

- 4��*-�----�- 24�i; � -D

�ht�rt j
U

*-'-1 -4-.

i 4 iTh4 � � ,
A '� -I _

;....�,,

-I.--- *.- A _

-4----"-

**4� t

.�4.,2 � 1LZ21z1122.

-I **' ''' I, .�

I 1 o 0

0
0 0

8 2 a a o

eld SSIW.S MflPiIKVW

*1L _ _



TII

...., ... I t

- T-- .- . I-i

Il d~. IS3, son ixi



Ali

., . . . .. .. ... ,. .: •. .

4- 4 4~

[ !'i' :4
•. I . . .. . . . .

[" $ .... : . . . . . . .•....• ... t -• - •

"l"t i V t - I ', :

... .- r .. . . j I1 ,
1, 4

. . . . . . . . . . . 1-

4C

TI
' ' - . . . i . . . .4-1 

4. 
.

I • :iiJ h

C . .t•"" t. . t. . . .1. . -'-- -I- -•-? - •1 - 1 .

-, . .• :I ... 1'I " f . . i .... 1 p.

S: - I .. .

I 7: I • I • : "

• ': : " I. .. I .. "" I . . -. I ... .•* • ••,- • .,n• "

- . 4 -+ .. I... ,I.... ........4-••........ |.. .. • . .I. . . . V . . I. '.......................... ..... •,...... . • .l, .
' ' I" i . . ...'. *I . - I,/ • - '. .

ooo oo 0

0

ise 'SS]1HLS NfPIKNI"MX



1. ''.. .. ........................ t .. . --.-. *••

I . - . ,• .: -. _ - , - , , . i .. - .

1 • -i-i IT: P *

-- I ; I> . ' _', -

o . . .4 -t ' . ,

I -- W -

•.- • i i " T trT !' , ! ."

-- ~ ~ ~ ~ ~ ~~47 t l---••----:=:• :•• -: • r--•j- =='==•

, -- .... +- .4 ... : . - . -• • • + - - •

,- * . . .. . , . . . . . , . ..I ... . - 4 . .Z . , .

/ : I • - I , I • !• ..4 . i , . .

S. .... . • •r - - i

o• 1 - - . . . . . . . . I . . . 1 . . . . . . . . ...-. 0

0o 0 -

oo, o 0



412

'H 14 H .w

I Tti ~

rr)

M40

TH4-' -d i

-44

0 44

14 Mais "nflVEIKV



IL

41 0T

4 1 I --?

1---L0



ad'-

S,,i 
ir r : , ' ' + ' ' ' I i' ' ' I" - * -- * ."

!j • - . .. . . ... . . . . . . . . . . . . 1 -

- K4 - i
II • •P • -: ++ i' :, . 'N ,' ,;,0 .. ,7 '++ j ,'.. t

4 .. , 77

A~~~ ,--4

4 -1 'S I n IV

Ill+ +• +,++,+ + -.----.--1+ -.---,--.-] +-• •

P- - *---.--t--.------- t • - • - +: --- : T -• . --- - , , -

" " . . ' . . 'I.- . - . . . . . .

F--l-- -+.. . .. + . .
.* "I. .+ .: • t • d ; .. . : • . . .

!,~~~~~~~~~0 I iX-d -d++- .. .. •--• •:M-
S: l + + . . . . . . . . . + ! - + +.0:I'"o . ... - .... V


